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(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the base resistance of a 
heterojunction bipolar transistor as well as its Junction capacitance at 
the same time so as to improve the electric characteristics. 
SOLUTION: A p-type intrinsic base area 9 is formed on the surface of a 
semiconductor substrate 100 within an opening 101 of a first insulation 
layer 6. An n-type single crystal semiconductor layer is formed on the 
intrinsic base area 9 within the opening 101, and a p-type outer base 
area 14 is formed on the outer peripheral part by introducing a p-type 
impurity from a BSG layer 13. A part in which the impurity of the single 
crystal semiconductor layer is not introduced is used for an emitter area 
11. The emitter area 1 1 and intrinsic base area 9 are connected by 
heterojunction. The concentration of impurity in the emitter area is 
made lower than that in the intrinsic base area 9. 
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^~>*JCl>^^^rj.^X.S.y:$' • =i>^^ h4 1 8>?»^Jgfig 
^nxv^So 3:®X5-y^ • 3>i$'i^ h4 1 8ti, X5 

y^mt^A 1 1 t^Mux^njimmwjcSigg^nxvi 

St^^tC. BSGMAO 8\Z.k-DT^-X ■ :3>^i' h 
6 0 2t^^mM^iZfi&Si-^nXl/-i^. ;i<DX5 • =1 
>^'i7 h4 1 8®SSPtt. BSG)i4 0 8©±lCgimU 
XViS. 

[0 04 7] BSG)i4 0 8(D±{ctt, -?-®BSGll4 
0 8*^e>gmLfcX= •^z^' • n>^i7 h4 1 8a5d;3 

{cmibv- U n >g 4 1 9 /Ot?gfig$nxii-5o ^<l:-> U 3 
>®4 19©J:fr«. X5-yi'«ffi4 2 0 a, ^— X« 
ffi4 2 0 hiDjiZ^ZSU^^mmA 2 0 c*^}gfi£3nxti 
•So X$-y^'tt®4 2 0 a«, X$ >;/37n h 4 1 
8tX5«y5'®Ja4 1 10a[±fC^«LXl>-5. X 
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V^T^— X • 3 ^' h 6 0 2 CDifi±(3fi«LTV^-5 = 

:3ki7^«®4 2 0 ctt, . a>^^ hM«4 

[0 0 4 8] XS-y^«®4 2 0 a«, l?'ft:->Un>« 
4 1 9^ma-r^MPS:n-bTX5-yi5' • a>^'^ h4 

8*^LT-?-(DT5^©X5 •y:$'««4 1 1 \zm%mizm 

[0 0 4 9] ^—7,m@4 2 0 hit, ^■(t>'Un>H4 
1 9iBSGJl4 0 8^Ka-r-5giP€r:fM^T, 7. 
• 3 >^'^ h 6 0 2 €r^fi£TS p+S#igS-> U n >« 
4 0 7(r^ML.TV^-5. '^-XttSe 2 0 btt. -^-^T 
X • n>5'i7 h 6 0 2 $:^^LT. MP43 1|^ 

fcfe^*tt^-xM^4 0 9 iznn.mzmm-^nx\^^ 

[0 0 5 0] 3Ui^iS'm®4 2 0 c «. mit'>'J^>m 
4 1 9iBSGe4 0 SO^TSTRaT^MP^rn-LT 
T:&<Dn Ui/^f • n >^'i^ hffi«4 0 5 \zmmi^. tti 
iZ^-oXUV^df ' 3>5'i7 hMj6^4 0 ^iiUVi^^m 
iA»4 0 2 aS:^bT3Ui'^'«[«4 1 6 fCH^WlCg? 

[0 0 5 1] 

[»BJ*^'»*bJ;5<i:t-^^] }iK±.m^rz^o\z. m 
1 7 (7)|ie*(7)*^#:^BT«> p+S#^SS i Ge*^ 
^U^M'&^-7.m.i$.A 0 9 <i:n-S^^ft->'Jr]>*^ 
^;5:SX5>yiS'««4 1 l{c:<l:»9, X • X5 -y^Pal 

i Ge75^^f<C^K14^-Xffli®4 0 9tnS!¥^ffi>'U 
a>*i6^C-&3l>^^ffli^4 1 6(CJ;CI. nl^i/^-^ 

[0 0 5 2] S 1 7 C0«E*O¥3»#:^BTtt, 

P+M^^^S i Geji4 1 0 i:n-S^^a->U=i>« 
4 12(CJ;0. 'NxPS-^Ji^'J^^i^nTVi^, -^©^ 

S^n p nMAW4?-^ h^>>?X^®ii»rjgiRigc f X 
d^iST-r-g) i -5 F»^S*^*S>^. 

[0 0 5 3] ^^x. ^^Hjoatiga. ^-xffistco^g 
^mm-^^ii\z^^o 

[0 0 5 4] *58BJ®ft!l®aW«, «^«#1±^(6]±$ 
[0 0 5 5] 

[iiS*fil*-r2.fc*©^g:] ( 1 ) *%BJ<73i^^#: 

^B«. ^mwmw±.\z^'ram^n-(^-=>h'7yv 
■x^^mA.tz^mw-mmx$>^x. mu^mwmw-<Dp^ 
mzw^^^ntz.^imnM(D:2u^^w$.ii, mwm 



j^fi£$n;^cM 2 mnm(r>M^'^-7.mmt. mm^ i ^ 

mM<om 1 MP®F«3g|5fc*5ViTaaiB*tt'^— X®i*©± 

-&^jgfie-r§iii»ttsrox5-y^M^t. mmmim 
mmcDf^ imn(Dp^mzid\^^xmsiM\^^-^mm(D± 
izmm^nftm2mmm<Dn^^-xmi^ii. wimmi 
mmm(n±xmBmima(DiBim\zMm-^n, K-omm 

—ysizmm-^lytb^tifz.^—:^ ' MIBx 

s.y^mmizm^mizmu-^ntcJis.^y'S/ • a>^i; h 

mtE=iui7^mi$.izm^mzmm-^nrzziui7i$' ■ 

^etim^^nx^ K) . WSBX5 y^mm<D^mi^mm 
[0 0 5 6] ( 2 ) :^mM(D^m^mmx\t, w, i « 

T. ^te*^^g®'S5^DS^AW7p-7N7>v'X 

[0 0 5 7] ^tz. f^2mmM<Di^^^-7.w$.f)^. m 
1 ^«s<Dx= y^'mwitm-<Dmi^^'=¥^mi^m<Dmfs. 

t*14^-X««©FBl© p - n ^^am-^fdifXU < , 
X 5 ^'^J^i^gB^-XM^coralcD p - n»^(C 
i^Sg|5^>«ffftb;a:(rifc«), X5-y^'^l^*^e,ng|5^- 
X^i^ i:*tt^-XffilS{caA ^ n^«^ /5^*IE?L t COS 

[0 0 5 8] ^(D^m, MIBA'-I'jp-^ h^>S^X:^<7) 

[0 0 5 9] ( 3 ) ^mm<Dmmi^mm<Dt!fi^^ l t^^j 

mm^^/vXis<o. ^■ne.^i*5ckt^^2©««)i*t. 
MiBXtt^-xfflis<i:HaiBii-gp^-xffi«ctc-€-n^'ng§ 

[0 0 6 0] :^^m<D^mi^mm<Dm<Dtei-^Limx 

tt, mllBn 1/ ^ • n i7 h Oi^im^A^MIBII 1 m 

mm<D^imci<DfHmzi±iomvxmss.-^n^. 
[0 0 6 1] ^%m<D¥^mimm<D^ ^izm<Dtff^i.\,^ 
mxit, mmM\t^-7.mm^^<Dp^mx'<D<};-^^^ u 

to 0 6 2] 2|s:^B^CDiii^#:SBO$e,{CflbOj(fSLli 
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[0 0 6 3] (4) *l6BJ<Di|£^<*cgB©m3ft;^^ 

it. ^mi^m^±l,z^y'um'^J-^-fyf--yhyyi^X^ 

mt?.^imBm(Dmima<DfHmziii^x. mm^ 
m^mw<Dmmizf$ 2 mmm(DA^^-^'mm^m0s.-r 
sxsi. wimMii^-7.mi^<D±izm 1 mmm<D^^m 

^m^^mu^^mmf^ 1 mmm(D^mi^m<Dm^mm 
\zm»-^'itTm^-r^j:mii. i^afrj:o, mk^m 

1211 1 ^«S®#*#»c75m^ffiRjf fc^A-rs <h tc ct 

\z. msif^immm<D^mi^m<DmfD<D^mizj^-oxm 

mzmm^tirc:JU^:$' • :3>^i7 h^Jg^T«>ia<i: 

<fji^j:3\zm^^n^zii^^mt-r^, 
[0 0 6 4] ( 5 ) :$i^m<D^mi$-mm<Dmm:isi^x' 

it. :^^m<D^mi^mmi)^^mizmm-^n^, 
[0 0 6 5] (6) :^^m(D^mi^mmo)^m:^m<D 

^n^nmmLM.-::>^n^tmmmzmii^^ti^o 

[0 0 6 6] 

[0 0 6 7] (mi^mmm) 
^i^^mmt.^(OA-Am\z^^it.u^%mm^7fiT, 

[0 0 6 8] ^-X-XSy^ra 

h5>>'X^'7&^}^fi£$nfc->U:3> (S i) 
1 0 0S:<i;^Tl^-g), ::(D*#:10 0«, p~a->'Ja 



f&^<Dm-:^m^ (10 0) <D«ffi^jf-fe. j.^}a&i**^ 

1 0*^e> 2 0 Q • cmTS)So ^IWn'Sv'U 3> • X 

^m-r^t. mo. 4 0ixmx$>^o 

[0 0 6 9] n-S!v'U=l> • Xtf^^^v'^-JUMStt, 
nnx (LOCOS. LOCal Oxidation of Silicon) 

[0 0 7 0] Xhf5' + ->^;Pg3<7)m^f^figMJ^©rtgP 

[0 0 7 1] ^^J^^M^coaiSl i:Xlf^=^r->-v;l'S 

m«2ai:. p+^->'j3>*ie.;^i,5"^:^;;|/- xh 

2 b^^^fig^nxVi^o =iUi7^ai2iB2 a<i:^r 
^Jl/-Xh-y/12b©i»$mi-rnt>3&MmT&-g>o :3 

u ^ ^mi?<m 2 a it. m^mm^i^<D-:^<D^mmm7!)^ 

X. =iixi7iS'ffiiSi 6^3U-i'^ • n>iS7i' h^JKStr 

:J)-gil»^»4©itTfc*5tiT, l^^^JgfigfflJ^^fflty 
J;3tc^i-^^iBill4{cjaoTMftLTi^S<, 
Xh>>A2b(J. 5i-gll*fiigiji4«Jgg|5{C^MLTVi-5. 

[0 0 7 2] »#:i 0 0©*®, tfe-s-rn«xt!^=t^-> 

v;i^«3««®a. m'fl:->Un>H6TSt3nTt^*. 
^{t:->u 3 »i 6 ©±(c«, p +s^^ffi-> u =1 >» 7 

XfflMP 1 0 1 A^j^fig^tiTisi?. -e-CWP 1 0 Id^f) 
a#:l 0 0©^®;55^i±iLT^^^, 

[0 0 7 3] MP 1 0 lit, mi^i ooizm^^rLrc:2 
mn-rmt, a v^^^^mm. i e a, u n >e 6 1 

^-^Sv 'J n >S 7 SrWaf -SMP 1 0 1 <D\^\i<^.b'\Z 
fi:«UT^50, =lki7^'®J!Sl 6 0^f*:*«MPl 0 Irt 
fca&s, p+S#iiSS->Un>B7«^— X • =i>iJ'i7 
h 1 0 2 Oy—^^mim-^<DX. B?P 1 0 1 (Djfi^tcOD 

.^at^MP 1 0 1 ^mti^oizm'^^nx^^^, 

[0 0 7 4] MP 1 0 l75>6fi|ffiL/tS#:i 0 0®^® 
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LmMmzm^^mwmm<Dm 2 gp^^- 9 b t ^^^g^ 
n^o ^i^^9ait, t<DTm^-'^±B^T;Gemm. 

d^StSlBI-Wjgsy n yr-i Jl/S:^036t, ^ 2 gp^)- 9 b 
[0 0 7 5] p+S#i^Si->Ua>Ji7®Ji{C«, 

i Gemi of)mi3imizmf&-^nx\^^^. ;i(dp+ 

S^i^SS i Ge«l 0«. p+M^iiga->Un>«7 
fc^iktcfii^cC^cfc^Jrj^fig^nTti^. ^op 
+S!#iiSSS i G eB 1 0 WP 1 0 1 
#:^SoTt^^i:^^lr. p+S¥^^S i Gei}^<^t^^ 

M^^-?^m.m9<Dnmm\zmm^nx\'^^. 

Xffiigc9«, :i5LTp+S^i^aS i GeSl Oip+ 

[0 0 7 6] v^mWt^SkS iGef)^<^t^^M^^—7. 
mM9<D±.\z\t. nS#iS^5^U3>*^f,;»i^x5-v^' 
M«c 1 1 1 , p -> U 3 >j5^ •S^I-liB'^-X 

□ 1 0 l®tt^*tC*3ViT3l/^i5'Mi^l 6lca;^j;.g)J;p 
[0 0 7 7] XS •yiJ'ffl^ 1 1 <h^^g!5'^-X®*gl 4 

sa->'j =1 ym(D^^mznm^mm^mm^\z 

[0 0 7 8] v>^m^f^^S \Gem\0<D±.\Z\t. ^ 
—7. ■ a>^i; hi 0 2cD$e.{C'ft!lcD— g|5^f^^-r^p 
+^^i!gS->U rj >» 1 5 /&^'jlWW(cjgfiE$nTt^-5o 
::®p+^#^a->U:3>Bi 5«, p+M^MSS i G 
eSl Otc^^t::a/j:SJ;5tc}gj*SnTVJ-5, 
tr. :i®p+^#^SS i GeB 1 5«. BIPlOl© 

p^mm<D±ii^^m-ox\^^^iimz. p^mmmm'y*):^ 

^l-BP^-XMi^l 4«. -^Tfi, 3:5LTp+M 

#^^S->iJn>Bl Stp+S^Sas i GeJil Ot 

p+s^i^ft>''ji]>B7 tjcmawtcj^gg^n. fiii:*r 

[0 0 7 9] '^-X • =J>^i7 M 0 2«, p^m^'^ 
^->Ur3>B7 t p+M^^SS i Ge» 1 0 tp+^# 

1 4 ^fe^i^O'^-Xftffi 2 0b 



[0 0 8 0] ^— X • =l>^i7 h 1 0 2 i. ^-X • n 

>^i7hio 2*^e>®ttSL:fcmfbv-U3>B6«)±tc 

7pD> • ->U^— h ■ ii^T. (BORON-SILICATE GLA 

SS, BSG) a 1 3yO>*fl?fiE$tlTli-5„ ^KDBSGBl 
3«. ^— X • 3>^'/7 MO 2±75^e,3BP 1 0 1 C0f*3 

■5, ^ICBSGBl 3«*fc, X5y^®«l 1©E± 

tCBSJgJgCDXS ■yiS'fflWP 1 0 S^^LT^i^o X5-y 
^mmi 1«, ^©±#:;!>«X5-y^^fflMP 1 0 3*^f.@ 

[0 0 8 1] B S G@ 1 3 (D±\ZU, *6»fflffliJSi: LT 

(Dmtzy U a >H 1 7 ;*^'a^Sg{C}gE£$n. ^CDg?{b-> 
U n >B 1 7 ® rt{gijtc n ^m^m^ U =1 X 
• n>37^^ M 8>&t}g^£^nTVi^o -<^X5>v 
5' • a>^i7 h 1 8tt. XSy^'^JgSl 1 t^ML/T-e 

7(wJ;oT^1-ge'^-Xffi*Sl 4^:^^— X - :3>^i7hl 
0 2f}^^m^^izmB-^tlX\>'^^o dcDX^ -y^ • :3> 
^;^M8©]lgett, BSGSl 3CDJitC^mLTl> 
m{t:->U=i»ll 7«. BSGBl 3i:X5-yjS' • 

:3>^'^ h 1 8 <Dm(Dmrs^mtf>7hA>rzmizur:>xi5 

0, ^®)SgBttX5->i5'ffi«Sl 1 i^l-gP^-X^lgt 1 4 

izmmi^x^^^o 

[0 0 8 2] BSGBl 3®±{ctt, ^OBSGBl 3 

*^e.»aiLfcx5-y3' • rj>:$'i7 h 1 amo^oizmit 

>'|J3>B1 9*t}^l!g$nTliS. BSGBl30±fc: 
(i, X5-y5'mffi2 0a. X«ffi2 0 b*3j;0^=i 
i7:5'mM2 0 c*^JgfiK$nTVi-g>„ X5-yi5'«®2 0a 
(J. X* ■y^'3>37>:7 h 1 8iX5->^M^l lOBi 
»Cft«LTt>S, X«ffi2 0b«. nU'i'i5'«ffi2 

0 c:*i?)jSViffl(C*5liT^— X • n>3'^7 M 0 2 CD it 
±{C-f4eLTl^^o r]U'i7^a@2 0 c«, ZlUi7^m 

m. 5 cDii:±{c{iiSLxTVi^o 

[0 0 8 3] X5-y^'ltffi2 0 a«, mib->>j3>Bl 

9€:mii-r-&WP 1 0 4$:^LTX= • =l>^'i' K 
SJCigfebL, ^tHZJz-z-XX.^y^ • Zl>^i7 h 
rni^L 1 8 S:^LT^©T::&©X5 1 izM^W) 

[0 0 8 4] ^— Xfl;® 20b tt, BSGBl3<hl9 
SrHSf^^P 1 0 5*^LT, X • D>i5'^ h- 3 

i^<«fi£T^p+M^jgs>'U=i>Bi sizmmvxi^ 
x«ffi2 0 btt, ^(D~F:^<D^—x ' uy^if 

h 1 0 2 .t^l-gP^-X^^l 4*^bT> ^-XfflMP 

1 0 imz$>^m^^-7.w$.9\zmM.m\zm^^nx 

[0 0 8 51 nU'i^^'ttffi2 0 c«, Wtitz^uziym 

6. 1 9*5ci:yJBSG« 1 3CD^T$rMa-r-5MP 1 0 

V. ^•nfCcfcoTnWi'^' • n^rS'^ h^i^S 
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^SiiB 2 a <£^LTZi 1 6 

[0 0 8 6] ti±Be0jL/i=t5(c, :$imm<Dmimmm 
[0 0 8 7] ^fz. :^3.v^mi$.i I tn'&^-T.m.m. 

9©p-n'\xDS§-a-;'ct-tT;^j:<, XS-y^'^^l It. 
^^^-Xmm 1 4 © p - n 

[0 0 8 8] ^(D^m, a^npnSAW4^-^ 

[0 0 8 9] ^-rmmz. m2 (a) jcs^-r.t'p/jc (i 
0 0 ) <D^^m^w*>mimmf) 1 0 ~ 2 0 q • c m-r 

^^p"^->ij:3>*tgl $r«pffiL. -^O^SfCii^© 
CVD (Chemical Vapor Deposition) l^^tz^tl^Wtit 
fe^ffll/^TJl^ 3 0 0~7 0 0 nm (»^L<tt5 0 0 
nm) ®l!{t;->U:3>B (0S^-er-r) *J^^-r-S„ ^cd 

:7:+ hl^v'XMl^r-^X^iiUT. HF 

[0 0 9 0] ^Ot^. Z.<Dmit'>V^>m(D-7X^>^lft 

Xi7S^#fett>5:ViJ:'5{c*n3ix:?i;U^— :S:5 0~1 2 
OkeV (^ffib<«7 0 ke V) tL, ziVi^d^mih 

tcK-X»S:l X 1 0l5~2X 1 0l6cm-2 (i(?*L< 

LiXiZi.CD;t*(Cl 0 0 0~1 1 5 or (»SL<«1 1 
0 0*0 ©^5S^Bm4«-C2B*PBl®SI*®asff5. 
LT> »«l«)^iS<filtlcS2 (a) tc:^-rJ;5/J:n + 

[0 0 9 1] HF m(Dmm-n. atgioastcjgfig^n 



mzlzm-^ 5 0-2 5 0 nm (if^L<«l 0 0 nm) 
(Dmit'>*)=i>m (H^it-T) ^»1S 1 o«®t;:}^^T 

-T) ^rVXi'tLT, *njix:^;i/:^s— 5 0 k e V. K— 

X«l X 1 o'4cm-2(?3^#TTJl^n> (ffll^) co-f4- 
>aA^ff5c 7* hl/vX h^l^SLT:^^^.. fi^ 1 
0 0 Ot:. S^Sfflmt'TlB^fPB^OISiMS^fToT^J^D 

>^^>^mmfr^. zlolx. mwii<Dmmmmz 

02 (a) (cS^-rJ:-5:^p+S5^v^;l' • X b 

[0 0 9 2] 1 <Dmm(Dmit'> U 3 >»^l^*Lfc 
1^. ^2 (a) \Zmt^o\Z. ^©Xfcf:$'=^->•vJ^^K 

■;//t2 b€rS^STSJ;5»C. Sffi 1 <7D«®{CJP$ 0 . 3 
~1. Sum CLCommm^Xitmo. 4um) ©n" 

sxtf^:^^->-^ji/- ->un>H3*^fi$-a-s, ^(omi 

©»SLli^ft=«, fi£SSa[*^9 5 0~ 1 0 5 o-c. M 
*4:tfX*^*S i H4S/cttS i H2C 1 2> H-t:°>i^;tfX 
*tPH3-e^(3. ^Mi^t-;^j:to-fei8ICD^W««5x 1 0 
•5~5X 1 ol^cm-^TfeS. ::©IISSJ^ffiT«, jP® 

-^W»«5X1 0l6cm-3iJiT<h-r-5o 

[0 0 9 3] :kiz. mmitmz^K), xtf^'^>'^;i/Ji 

3 O^MfcJP^ 2 0 ~ 5 0 nm®^|k-> U rj >m 
■a-T) 7 0~1 5 0 nm®^'fb>'Ua>g (0 

e^X KM (m^^-fr-T) ^rVXi'tLT, K^'rx-y5'> 
-f X 5^ > if tcx t° rS' + -> ^ 3 ^ X ^ > ^ L 

it&lZJ: 0 xe5'4^->^;U • V- u =1 >« 3 $:a#?wfc^ 
{b-r-st, EI 2 (a) \zm-t^v\z, ^{b->U:3>75^^, 
^i-gt^Jl 4 76^*X tf ^ -> ^ Jl^a 3 Ol^gptCJi^fiE ^ 
ns. d^UTs n pnSA'-f 3J^— ^ h^>v'X^5:}i^ 

[0 0 9 4] :i<D^mimm4it, ^(Djs.m^^^r>^ 

<, 0<lx.«-^Off$«:3 0 0~1 0 0 0 nmfrn«<t 

li, ;i©5liS?K^Ttt|<J6 0 0 nmt-r-S. 

[0 0 9 5] &.±<D^^izvx»mfimB4i)m^^n 

[0 0 9 6] m^X. litTc0d:-5»CLTn+^3l^i7^ 
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JlPi8x;^;p:¥:— 1 0 0 k e V. K-X«5xiol5cm 
-r :t > OSttfkii ct :t >a A tC J; ^ X fcf iS' + -> 

@3©j«m[Hi«o;it*(c. taKi 0 0 ox:<r>^Mmm% 

"fT3 O^FBlOlSiMa^ff -Po ;i5L-T. EI2 (a) \Z 

[0 0 9 7] ei±®ie»CJ:0, ^2 (a) iZy^tm^ 

[0 0 9 8] m^^X. 02 (b) {C*-rJ;5tC. 
OOCDSSitC. 1 0 0 nmCD^{l:>''Jn>H6^Jg 

m(Dm^(D (1/2) e^fr^co/SwsLVi. 

^t>''Jn>Ji6©Ji(C. CVDffi^ffltiT/P^ 1 5 0~ 
3 5 0nm (C1C1T«2 5 0 nm) <!!)^^S->'J 3 >S 

U=l>li7JC#D>^^AL, ^®*«S*p+aiC^ 
H-rSo <^>aA©*#<J:LTtt. ^^a>''j:2>» 
7$-§^#fetmViiSSWJnjiX:?i;i/:^i-tL, ^i^Sv' 
U 3 >S 7 O^M«^SS*^i^ 1 X 1 0 20 c m-3i:;rj;;5g 

keV, K— X»l X 1 0l6cm~2-^fe-&» 
[0 0 9 9] ;r^LTp+Si:75:ofc#i^ft->'J:3>B 

7 (D±\zn^—>it^nrzy:t hu-J7.hm (Ei^-tt 

■T) ^m^X^fz^. t(Dy:thUi^Xhm^-77si7izV 
X. i^ftl©S;&'l4K5"fx-;/^>i;'fetcJ;0i?<t;v-U3 

>H6i3j:at#i^s->U3>e7*ajR«ifc^5feL, 

2 (b) \z^-rJ;:of£. ^{t;->U u >B 6 i p+^^^ 

s->ur]>g7<&mii-rs'^-xfflMP 1 0 i^ms^-r 

*-rs. COI^©4*Si«H2 (b) <DJ:5tc^j:So 

[0 10 0] &rF<Dj^^\zLx. p^mm^m 

GeHlO, nS*^ft->U:3>Ji 1 1 a. nM#Sa 
'>j i 3 >B 1_ 2J£:> 03 (a) JC^f J: 5 fC^^TsT" 
[0 10 1] S-r« XtfiJ'^-e^^^PfigAS^fflV^T, T 

(i» LPCVD (Low Pressure Chemical Vapor Deposi 
tion) :^/:^y— XMBE (Molecular Beam Epitax 

y) UHV/CVD (Ultra-High Vacuum CDV) 

a^mmx^^o ^(DmmmmxitvHvxcYDii^ 

XU7.iiLX(DS i 2He;«fXtGeH4:*fXtC 1 2:«fX 
<DgitM*^-?-tX-e*tl3 s c cm, 2sccm. 0. 03s 
c cmTa&'S. 

[0 10 2] Cl©igafiEfiie{CJ:0. MP10 1*^e> 



it. 7>F-yo¥i^^S i Ge)i9 a^d^J^fig^tl, ^ 

ntmm\z, p+s^iigs->'j3>a7®sMtB!<t-> 

U=1>«6®WP1 0 l|*l©fi!l®tC«, 7>K— 
i^^S iGeHl 0 aA^'J^fig^n^o T>F-7'¥^a 
S i Ge)i9 a<^^mUiiT>}^--:f^mM,S i Geg 
1 0 aWrtJliiiitt, HP 1 0 KD&^nmOi&mXK 

[0 10 3] T>K-:/¥^SS i Ge«9 a<hT>H 
—■y^^^ S IGeBlOaroGe ffiS^tt, 0iJ^ti*tJ 1 
0%T$>-5„ ^ne)S i GeP9 a. 1 0 a©)iff«. 
fi»J;l«^2 5 nmX&^i)^. ^CDlSTfr^^nsi^iaS 

[0 10 4] mf^^X. UHV/CVD)*^ffltiTp+^ 

s 1 G em^m^mzmm^m-^it?>, ^l^ixu. s i 

2H5;^fX^«<i: G e H4:^fXgit»<h *iaSL;^d:d^^>i^S 

X:. V— X:tfXtLT(Z)S i 2Hg^;x^:GeH4:*fXt 
C 1 2;^XOggaj5t^n-?'n3 seem. 2seem. 
0. 03 so cm, h*-tf>i/;yxi:bT©B2H6:*fX 
( 1 0 %{C|&IR) (Dmmi)^ 5 s c e m'T'ab^). 

[0 10 5] ;i®i^a^Sfc=fco, 7>K-y¥^as 

i Geg9 aO^Btrttp+ffl^i^as 1 Ge®9 bdt 

J^^K^n, T>K— TT'^^S.S i Gelil 0 a©*®[C 
«p+S^i^aS i GeS 1 0 bdSjgfiK^n^, p+M# 
i^SS i Ge»9 bO^I-mtp+S^igSS i GeH 
1 0 hc^p^mm^tit. T>F-:/*iSas i Ge»9 a 
i:T>F-7'*^^S i Ge»l 0 a®^^aB<^ja^T 

m^izmm^ti^, 

[0 10 6] Ji|5®*#TTieSfieft^-&-5C:itcJ: 
D, p+^*^ffiS i Ge»9 b®GeilglCffi#4yn 

yy-^jv^mz^^^itfi^x^^. :L(Dmx{t. isga© 

fiKft::^|63 (■r:^d:*3^»1Sl*^e.±;^) fcifil^^^TGeCD 
0%j6^^0%*Tift^Wtc^<kt-SJ:-5;5:::^D 
7T'f;i/<l:-r^. Sfc. P+^m^SS i Ge)19 b*3 
^ZSp^m^fi^^S i GeBl 0 b©jp$ tsl^D 

m^ii. ^n-e'n4 O nm. 5x1 o'^cm'^T 

[0 10 7] 8 5 0*CT-2 O^^-fslWl^^a^Srff 

•5i, p+^^i^Si>'U3»i7*^e>T>h*-7'^iSSa 
S i GeHl 0 alC/l^P>7i^J£mL, p+^i:fd:^„ 

^iSfflS i Gegl 0 a«p+S!^i^SS i G 
emi Oht-#itfji^X. p+S#i^ffiS i Gem 
Od^j^fiKSns. ^nt|5|B#fc:. p+M*^as 
i GeS9 b*»e)T>H-7'¥iSSS i Ge®9 a'vOD 

T^nxDumamtDti. 7>]i--:fm^^s i GeS9 

a^p^mtfi^. ZoLX. ^#:/0«p+M^i^ffiS i G 
[0 10 8] m-^X. UHV/CVDSfc:J:D, 
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S6 0 5t:> y-x;yxSi2Hg (:*fXM»3scc 
m) , \^-\d>i^^XPH^tLX. nS->U3>^x 
e^'^v'-V^UfiEfi^-ar^o dOi^SfigfitCjcO. 1213 
(a) t3:^rj;5f3, p+^mMSS i G eTi^^i^C-S)* 
t±^-XM^9W«ffitc«nM#^S->U3>Hl 1 a 
A^'f^fig^n, p+S^^aS i GeHl 0<7)^ffi(C«n 
M^^Sv'J n >» 1 2 nM¥^^->U 
3 >« 1 1 a (D^ymmt n S#i^a-> U 3 >^ 1 2 ©rt 
M^iti, *f4^-X^«9 i:p+S^^^S i GeH 

'jn>»l 1 a*3»tO'nM^^a->'Ja>B 1 2CDg> 

isstjp^^. ^n-en. masses X 1 oi8cm-3, 

3 0nmTa&2.o COPtoot^^^E 3 (a) tC^T. 
[0 10 9] /:^iS'->-fb^nfe7* hUi^x hM 
(aS^t-er-T) ^nmmm^~>U^>mi l a^SiO^n^ 

-f • X-;/^>:yffi{Cj;(3, P+S^^i,>'<J=l>»7<h 
P+S#i^aS i Ge^l 0<i:nS^^S->U3>Bl 
2 ^S*^W(c:^*rSo d^LT, 03 (b) ic^TJ; 

^-x • zi>^i7 h 1 0 2f}mt&-^n^mmt:m 

[0 1 1 0] j^t^^T. LPCVD^^ffllvTJP^ 1 0 0 
nmcOBSGBl 3^lt«$1*--i>, ;i©BSG«13 

tt> H3 (b) \z^r^otz. m^tcnmrnm^z^v^ 

>Jil 1 atn^^^S->U:3>Sl 2(D«®,i:, Sill 

[0 111] BSGBl 3®/KP>-a*a;«, 5~1 2 
mo 1 %i-r-50*s<ff^ L<. ;iCD|IMJgffi-C«l Om 
o 1 Xtr^o 7l?P 5 mo 1 %*«CD«^. 

^£-5*^^)T^-&, BSGSl SffJCl 2mo 1 % 

•So 

[0 112] /-^^—y^t^nr^y^hui^xh 

^VX5'tLTS:^tth*^-rx>y5'>i^$:ffti. BSG 
gl 3»CX5>;/iS'fflraP 1 0 3€rJ^fiE-rS. cl®^®^^ 
m^m3 (b) tC^-To 

[0 113] ^l^^lriT. 8 0 OnCTl S^J-^Ol^MJl 
^fft^ nS#i^ffiv'U3»ll 1 aiBSGSl 3 t 
©SfttSSrr/M^T, BSGSl 3|^<Z»/pD>SrnS*i^ 
ffi->U=i>Pl 1 a(cfefl5[$i4-S. :i®#D>tetS!«cj: 
0 nM*Ma->'J 3 >B 1 1 ait^^mizp^m\z^t> 

p+ffl¥^a->U3>»l 4«^g|5^-xmi^<hL 
xmiPT^. nM¥^^i>U=i>g 1 1 a©7Pp>(Da 

A s nfj: I. igB^«. n mmmm -> u a e. /.r •& x 5 



->ij3>ei 2fCfeBSGHl 3*^e.5l?P>*ttfiM-ffi 

A $ fl. n a^^a -> U 3 >H 1 2 C0±#:75? p +^ (c^ 

-to^g*, p+^^^a'> U n >a 1 5 
n-So J:<DB#(3!)4iflittEI4 (a) fdS^-TJi^fC^c-g.. 
[0 114];*fC. BSGBl 3*-7X:J7tLT, n" 

M->u=i> • xei5'^->^;m3icj|!p^ii#?65(C'r^> 

ttAb, n"S->'J=i> • xtfiS'4^->^;i/B3rtO*tt 

l/^J'iS'ffiJKl 6^Jg^t-«>, ;iOJl^«'f;t>aA®^ 
mt. m^lt. J!)Djix:^^;i/^-2 0 0 k e V. K-X« 
4X1 0l2cm"2Tc&'5. 

[0 115] LPCVD(CJ:I9, X5«y^«« 

1 1 iij^zf-B s GB 1 3 (Dtn^etKDmmizmit'y u n 

>B (la^i^r-r) ^Jt«$-&T*^e., ^CD^^b->U3> 
B h* ^ -f X 5=- > iT' fc D X N- ^ b , ^ 

— XffiWP 10 1 0D|*3SBOB S GB 1 3 0«®fC©*-a 

wwfc^To ;i5LT. 1114 (b) {c*-rj:^{c, mn: 

-> U P > J; 0 ;^d:^i?<t:i^{HiM 1 7 SrJ^figf^, 
[0 116]S^ViT> LPCVbffiJCiD. BSGBl 
3 ±\zmW. 1 (ZJ^ffifCtofcoT, K-7'$nfc#iS 

a->'JP>B (m^-tt-T) $*tJ2 5 0 nm©;S${cl«« 

7^ tS:)^i4x>y^>df»cJ;0/i^'->'fbL, 04 
(b) iz^r^oiz, n+M#iSa->UP>*^^;Jcl.x 
5 -/^' • P>^i' h 1 8 ^rJgfigf -5= :i(7)X5 • P 
>^'i7 h 1 8<Z))£g|5«, BSGBl 3©X5<>^fflffiP 

1 0 3*ffli;TX5!y^'ffi«l 1 tSMbTVi-2)*t. 
^^—xmUl 4tBSGBl 3 t««MbTli;5:^i, 
e:cc»B#©4^^tt. 04 (b) fc^raOT*)^, 

[0 1 17] -AltZ. mnz^-r<i:^\z. CVD^fcJ; 
t) . miti^ U P >B 1 9 B 8 GB 1 3 ± tJgfiEf -So 
^©^'fbv'JP>Bl 9«. XS-y^' • P>^'i7 h 1 8 

^-i'x>y5^>if{cJ;0. K<t;->UP>B 1 9cOR>rS®R)f 
»c:x5y^'«@2 0 a, X«@2 0b> PUi'^'« 
®2 0 ccOSEiStfflWWP 1 0 4, 1 0 5. lOeSrJ^^ 

[0 118] X/'?-;/i5'S(CctO, MP 1 0 4. 

10 5. 106 ^m05iLrcWt<ti^ U P >« l 9 ®«M»C 
7;P5X'5'A-€r^B (S^-ar-f) <&}gfi£Lfd^, h 
t K-^-f x>y5=->i^{CJ;t9^0T;P5x>i7 
A-g-^B^/l^'-XbL, X5>>5'«@2 0a. ^—7. 
«®2 0b, P^i'^7mffi2 0 c%J^^-r-5. X5 -;/iJ' 
tt®2 0att. MP 1 0 4<&:n-LTX5 ■;/iS' • P>^i7 
hl8»CgEMb, ^— X«ffi2 0b«, MPlOS^r^ 
LT'^-X • P>^'ir M 0 2{cKMb, P!^^^«ffi 

2 0ctt. MP 1 0 6^&:^^bTP^'^:? • P>^'i' h« 

[0 1 19] U^±OX@{CJ:0. 0 1 fc^T^ lieiSfg 
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[0 12 0] ^oiaji:^ffi(Cctn«. 
[0 12 1] m2nmmm) 

[0 12 2] m5<D^mi^mmit. mimmm^i:mm 

n;fcv'Jn>a#:l 0 OSr<i;lTliS. 00*^^1 0 0 

tt. 0 1 Lfcm 1 *igjKffio*^«:se<o -> 'J 3 > 
[0 12 3] s^^i 0 o©«®. isiwrn«xtf5':*^'> 

^;i/»3©«Htt. ^<t:->U=i>g3 6T«t3nTVi 

^. ®?{fc;->U3>e3 6fc«, ^n^rwarsBsm^g© 

'^-X • XS-y^'fflMP 1 3 l*tjg^$nT*30. -€-0 
MPl 3 ld^f)X#l 0 0©*®*?fiiaiL.TViS, IBP 

1 3 i«. mi^i 0 o^cJg^rS;snfczI^^^'M^l etc 

^'mm. 1 6 i!<t;-> U 3 >@ 3 6 SrMffl-r P 1 

#:*^*5IP 13 1 rtJcab^o 
[0124] ®?it;-> U 3 >® 3 6 (©±ICf±, p ^mg'i^ 

^^->U3>^3 7«^-X -ny^^hlO 2®— 
S:}gfiK-rS©T, 1 3 10ia^{30*B.0PP 1 3 
l^BtfJ;'5»cj^fiK$tlTVi^. #^^->'Jn»i3 7 

tctt, ^rL^&nm-r^mmmo) ■ >y iS^^MP i 3 3 

imBZ^tiTi'^^o ^<Dmai 3 3«> ^•fb->Un>g 
3 6 ©MP 1 3 1 taJ^I^'C^t/i-Sct^tcBfiS^nTt^ 
•So MP 1 3 3®®«75^MP 1 3 ICDMajcO/h^ti® 
p+S^Ma->U 3 >P 3 7 «MP 1 3 1 (D±iZit 

[0 12 5] p+^^^^>''j3>S3 7 0±fCtt, S 
<b->'J a >B 3 8i)mfi^^nx\'^^o ^©^{b->U a > 
g 3 8 fi, #5.^ft -> ij n >B 3 7 cD«®;^£ttT;ia < , M 
PI 3 3[^(ca5^#^S->un>«3 7<DffliMfcSoT 
Ser^T, MPl 3 3 Wf^getC*iViT, ^{bvUrn 
>e 3 8 «p+S!^^ffi-> U :3 >S 3 7 J; 0 fcrtl|ij{c-a- 
OtHLTViSo ^<1:>'U=I>H3 6©p+S#iSa->U 
r]>e3 7©}^fig$ti;5:tiSSt). ^•ft:->U=i>«3 8 

[0 12 6] m<l:>'Ua>H3 6®MP 1 3 lOrtSCT 
«. S^*^ 1 0 0 ©«iSfC p SiGem^^^ 

X«Mi^3 9fi. MP 1 3 l*^^)®aiLfc*#:i 0 0<7)« 



^©TgBJcKMLfflMWt'iSV^TM^IjSStDlllgB 
©m2g|5^i-3 9 b<t*^e.i^fiK^ns, ^lge^3 9a 

±mz^i^i)^-oXG e jg^d^^^ tCj«2/>-r-5ffl^iiSyP 
[0 12 7] p+S!¥i^aS i Ge5&^e);^*Xtt^-X 

XMJ^4 4t. ^— X:3>^^ h 1 0 20D— gP^7j£-rp 
+S*i^a>''Jn>S4 5 Xn>:$'i' M 0 2 

(Dm<D—^^r£-rp^mSrf^mS l Ge)14 Oi:;i5^*J^fig 

^nxii-s. x5 yis^mm 1 lit. MP 1 3 1 ©tf^tc 

^)lS:ngP'<-Xffi^4 4{c:J:^THSnTli-5, X5 

y^'mm.i 1 <D^mmmtmm^x\ ^m^—xmi$.4 

tt. -?-©^jgsl8Smjg#<^©^®j^4»i^JtC)p+S#ig 
a->'Jn>@4 Sti^TBSnXViS, p+s#isa 
-> U n >B 4 5 ^©^M^BS*§Jg#ttcD¥MJ^*^^ 
i$:3p+S^^as i GeS4 OtwioTHStlTVi 
■5. 

[0 12 8] X5->:S'<S«4 1 t^aP'^-X®«E4 4 

iKS->U n >liO«3aBBJC pS^M«?(S:S*lWfC K-^ 
■r^:iUzJ:Dm^^n. p^^MI&SrK-T'Sn/iti 
4''L^g|5;<)^*x5-yi5'M^4 1 tAj:^, 
[0 12 9] p^m^m^S i Gee4 0«, 

xm^3 9(Dmm.^±^ziSLm:l'> mp i 3 i (Dmmm\z 

»oT®ffibTl^-2). dCOp+^^i^^S i GeJi4 0 

<Djs.miitMii^—7.mm3 9\zi^mL. ^(Dnmmim 
PI 3 KDff^&mifzmmi^. -e«±®«p+s^iga-> 

U 3 >J1 3 7 ®Tffit^^b->U n >a 3 8 ©MP 1 3 1 

[0 13 0] p+SJ^^ffl->'J:J>B4 5tt, p+S^^ 
SG e S i )i4 0 i^gU'^— XMi«4 4 CDFe^JCfeBLT 
Oi-S. P+S^i^a->'Jn>®4 5©«^LfcJS®«^ 

4 4 L . ^©^#Mtt p 

S i GeB4 OcDrtffliJMlcSML, ^WJiM^S-rkv-U 
=]>B3 8®MP1 3 litCiti^aiLfcaP^i'OTffifctt 

[0 13 1] n^^—7.mf$.4 4j,t. M^^-7.mm3 

v''j3>B4 SSr^LTp+^^i^SS i GeS4 OJC 

«^e<jc«igg$n. $ p+s^Ma$^'j 3 >b 3 7 

('«^6<J(Ci^^$nTI/^^o *'i4--^-X«^3 9tt, p 
+^^i^as i GeB4 0^:a-l>Tp+^^i^ffi->'j3> 
g 3 7 {C^WJCSitSnTViS. 
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[0 13 2] Xtt^-Xffi:^3 9(C«MTSp+^#^ 

^siGeH4 0i, i^m^-xmm4 4\zmm.-r^ p 
1 0 2 ^<«fig-r§. 

[0 13 3] X5-y3'^«4 1 n+S^^^ 

m^4 1 tCtSML, ^c7)]lgl5«^{k->U :3>g 3 8 ©± 

^i/hAB t.mtzy^) 3 8 lcH^n;^cffii^(ctt. 
BSG®4 3i:, S!'fb#)fliJMi:LTCD®?fk->U =l>M4 
7;5?}gfiK$nTli-i.o BSG)143«, ^'ft:->U3>B 
4 7 i^g|5'^-Xffil^4 4 tin-l:ti.<. p+M^^a-> 
U n >« 4 5 <h^ft:-> U 3 >jl 3 8 »r fcttMLTVi^o 
iffk U :3 >» 4 7 X 5 iS'SlS 4 1 t^gP'^-X 
««4 4 tX5-y^ • =l>i5'i' h4 StC^MLTV^So 
[0 13 4] S{t:->'Jn»13 8C0±{C«. X.^y^' ■ 
n>r?i7 h4 8S-«5J;5{C^{t;->'j3i>Sl 9*tjgfi£ 

@2 0a. ^— X«112 0b, *3J:Otn l/^^iS'tt® 2 0 
CT&tJg^ife^nTti-S. X5 •yiS'tt@2 0 att. XS-y^' 
=l>5'i7h4 8i:X=>y^'^i!g4 1 CDjtJiJCfeSLTli 
X«@2 0b«, 3JU^^«ffi2 0 cd^f)]lli 
fiiJtC*3liT'<— 7. ' :3>^i/ h 1 0 2®il±tC&«LT 
nU^:S'mS2 0 c«. nU'i^iS'M^^scDiSJifr 

[0 13 5] X.S.y^m@2 0 K{t;->U=i>«l 

9\zmf$.-^ntzma i 3 4^:rrbTx5-y^ • ziy^i; 

«4 8*^LT-€-©T;&®X5 vS^mmA 1 {C'SmWtC 

[0 13 6] ^-XttS2 0 btt> ^'fb->U=3»l 1 9 
<i:S<t;>'U3>e3 8€rKaT^r^P 1 3 S^^LT-?- 

oT:^o^-x • :3 >5'i^ M 0 2 fr^fifib, ^n\z^ 

oT'^-T. • n>^^ h 1 0 2^:fM^T> Sfc^— X • 
n >^i7 M 0 2 t^^gP'^— 1 4 tSr^LT. ^ 
-XfflMPl 0 lrttC*S*tt'^-X«i^3 9tCttmfi*J 

[0 13 7] ::2\y^^mM2 0 c«, m{b->Ur3»B3 

6. 1 943j:tj^^^b->un>B3 s^ma-r^ggp 1 3 

-^-tlfCfcoTal^i?^ • 3>^'i? hM^5 
iS'JljX^ 2 a *:fM.T3 1 6 frft^WJC^igg 

[0 13 8] eA±ittBJbfcJ;ptC, *f6l«©^2«S6Jg 

Jg©i|£«#:Sfi-Ctt, X5<yiS'M«4 l;&^*nM¥Ma-> 
U=i>*^e,;iO. ^®x5-yiS'ffiJg4 1 t^M-r-S^tt 
^-X®i®3 9 ii^^^-7.m.i$.4 4 i:*^-?-n^'np + 
S#iSSS i Ge<!:p+^^i^a>"J3>*^^;^j:oTli 



Sfc. *tt^-Xffi^3 9®p^;FM#IJ§Stt, X 
5-y^^«4 IWn^^MtJjg^JcOfeigVi. t*oT, 

[0 13 9] S^c, y-^v^MA 1 t^tt^-X^^ 
3 9®p-n'\5=-Pig^;^:ttT^C<, X5-yiS'M«4 1 
ii9\-W>^-7.mmA 4 ® p - n Tj^^rS-^fCfe^J^^gP^)- 
«#^EL;i^Cl^;tJ6, X5 •y5'®^4 1*^5,^— X^i^S 

9 i 4 4 \z^x^n^ni-f}^miii<Dnm'^\z^^x± 

[0 14 0] ^<Df^^. atenpnS/N*'f3i?-^h^> 

>'X^'®jiWfJli^^fx®ffi;T7!»t|5§lh$tl-i>. b*^fc, 

[0 14 1] S-r. 1216 (a) tC^K-r->'j3i>»^l 0 
OSrf^M-rs. -e©f^^;^?*«, EI 2 (a) {C^Lit^ 

[0 14 2] m^^x. me (a) iz^-r-koiz. mi^i 

0 0 l*^ 10 0 nmO^fbv' U :3 >a 3 6 

JKfiK-rs. ^®mfb-> 'J n >H 3 6 «. 

X^«©J»$<D (1/2) SS<t-r-5®*WS bt^^p 
C0^{b>''J=I>S3 6<D±fC, CVDffi^ffltiT/l^ 1 
5 0~3 5 0nm (d ClTtt2 5 0 nm) ©^i^Sv'iJ 
=l>Ji3 7$:it«^-a--5o ^t^T. 1':t>aAS{C«i: 0 
^^S->U=I>J13 7{C#n>^»Ab. 
p+SJC^Sr^o -f^>aAO*«^<l:bT«. ^^ga 
U n >B 3 7 *5^#St-t-*ViSS®JinjiX^Jl/:^i- 1 

b, ^i^Si/ u n >B 3 7 (D:^m.^mm-f)m i x i o 20 

x:^;!^^- 1 0 k e V, K— X** 1 X 1 0 '^c m'^T^fe 
[0 14 3] C5bTp+^t;^iofc^^S->U3>« 

3 7©±(cA°37->'fb$nfc7*hU'i^xhK (m^-s 

■T) ^J^figbfc^. ^(Dy^h]^i^7.hm^-^x^iiL 
X. 4>»©S;^ttK^-fx»/5^>yfefrj;D#i^S,->U 
n>jB3 7^)MS^W(C^*TS„ ^3bT, 0 6 (a) 
iz^-fJioiz, ^— X • a>^i7 h 1 0 2<£:j^^-r^# 
®m(Cp+S#i^a^Un>g3 7^5S-r<i:*Jc, p+S 
^MSi^'J 3 >g 3 7 ^rWa-rsMP 13 3 SrJgfiEt- 

[0 14 4] VX^tbTffllifc^* hU'v'X hm^l^ 
*bfc^. LPCVDS^rffll^Tff^a 0 OnmCD^ib 
-> 'J »i 3 8 Sr±Sa-r«>. C:®^^b'> 'J 3 >^ 3 8 

p+^#^gS->U=i»i3 7 t-?-;i;6>?,^ffib;^cg? 

(b) (c^r. 
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[0 14 5] ^c9^t, y^h'JVif^y^\zJ:ion^- 
mm LT. HF^(Dmm^mi^x-fyj{z$>^m[:zyu n 

^{t:>-u=3>«3 etcfl^fig^n^Bgp 1 3 icD®^ 

tt, p+S#i^^->U:3>S3 7{cjgfig$nfcBgP 1 3 
(a) tC^T. 

[0 14 6] e^T®J;3fcbT. p+S!*igffiS 

i Ged^^;^t'g>*f4'<-X®«3 9 i:p+^#^as i 
Ge)S4 0^, HI? (b) iz^TJ^olZj^^T^o 

[0 14 7] s-r. iis?wxejS'=^^->v;u^Sft*fflvi 

LPCVDfe. ;^fxy-XMBEfe. UHV 

/cvDffi7j£<J:5rffiffl-e^-5). ;ic:t«uhv/c VD 

r, y-X:yxi:LTCDS i 2H5:^JXtGeH4:*fXi: 
C 1 2:^^<'^^M.t^^n^tl3 seem, 2secm, 
0. 0 3 s c cm-e*-g)o 

[0 14 8] CKDSgSfifeftxeJCj;*?, MDISItS^^ 
gffi-r^n-^->'J:a> • xe:^4^->^;H13©SM*^ 
e>±;^»CT>F-y©¥i^as IGeTi^'fiKfib. ^Z.iZ 
7>\^--:f<Dmm^S i Gem3 9 af)mi&-^tl^o t 

ntmv^\z. p+s#^a->'jn>M3 7WMP 1 3 1 

^^as i GeTitfigSL. ^;itCT>F-7'#^as i 
Ge®4 0 aJ^fiK^nSo T> H-:/¥^as i G eS 
3 9 a(D±m(Dnmmii7>\i-y^m^S i GeH4 
0 aCDTMttt, MP 1 0 1 ®[^M(OiS^-CSVi»cg^ 

[0 14 9] T>h*— T'W^^as i GeH3 9 ai:7 
>h*-:7^#i^fliS i Ge@4 0 aOGejgaCtt. m^\t 

miO%X&^, cne.S i GeH3 9 a<h4 0 a®)l 

miSim\z^K)xm'f}m'^i^r£<^^mmx. cine)OBop 

[0 15 0] ^l-^T. UHV/CVDS^fflliT, p + 
i Ge^rSS^WfC^SfiKSS-U-^. V- 
7.:»7.izhX<DS 1 2H6;^X8i£fi<i:GeH4;«fXgK«t 

tSSS^^e 0 SnC, V— X:tfXiLT<DS i 2H5:^fXt 
GeH^:»7.i:C 1 2:^X©8iE»*«-?-tl-?n3 seem. 



2 seem, 0. 03s com. }^—\f>if1SXtLX 
cDB2Hg:tfX (10%tC?6-«?) OM»7&^5 s c emTab 

[0 15 1] COD^S^ST«, T>F— T'S i GeO 

«^t|5l«(3p+MS i GeTJ-SfigS-Ti.©-??, T>F- 
y^^SS i GeB3 9 a©±lcp+S^^SS i Ge 
)i3 9 b;?)^fl^^^n, T>F-^#^as i GeB4 p 

aOrt®tCp+S!#i^aS i GeB4 0 bT&ifg^jg^n 
-So p+S¥^SS i Ge)i3 9 bCD^I-jg^tp+^^i^ 
i GeJB4 0 bcDrtJ^iBfcita, 7>F-7'*^aS 

i GeB3 9 ai7>F— T'^^as i GeJl4 0 a© 

[0 15 2] ±tB®^f^TTSgS<&figS$-fr^:it{r=t 
0, p+S¥^SS i Ge»3 9 bcDGeSa!(CfS#4:7' 

OJ5rgfi:;&lpI (T?3:t)-5a«l*^e±^) ^C|^i]35>oTGe 

(Dm&Tb^ 1 ox^^^o x^xmumizmt-r^^ouy 

ayr^jutr^o Sfc, p+S^i^SS i Ge«3 9 
btp+SitjgSiS i Ge«4 0 h(Dm^t-^a><D^ 

mmit. ^n^n«3iA«4 o nm. 5x1 0 i^cm-^-e 

fe-S. CWPt©4^^^S7 (b) \Z^t. 

[0 15 3] -ecD^, 8 5 ot:-c2 o^m<^^Mm^n 
oil. p^m^m^i^ ')z2>mz 7 ^7 >\^-zf^m 

as i GeB4 0 aJC7l^D>dtffitS:L. p^mtti^. 

^(D^m. P SiGe«40a«p +^#iSaa 

S i GeB4 0 b<i:-#:tfcC-:>T> p+M^i^^S i G 

i^SS i GeB3 9 b75^^T> F-^^^^S i GeS 

3 9 a-\©7}^D>®S£t!t7&^*ff*)n, T>F-7'¥^aS 
i GeB3 9 at>p+^t;5:-5.o d^LT, ±#:/&Jp+M 
mt^^S i Ge*>e.:ia:S*i4/^-xfiiK3 9*iJ^*S;Sn 

So 

[0 15 4] UHV/CVDfeHJcO. sista 

aseosr, y— x:tfxs i (;yxe?t«3 s c c 

m) , F— tr>^- :^fXPH3i:LT. nmi^Ua>^ 
XtfiJ'^i/rJl/figfi^ltSo ^ICD^gSfifiSfCcfclD. 08 
(a) \Z^-rJiO\Z. Xtt'^-XM«3 9©«S(C«n 

S¥^a->u:3>»4 1 a*^*j^figsn, p^m^m^s 

i GeB4 0®rt®»::finS!#H^a->'J=i>B4 2*tj^ 
fiESnSc n^*i^S->U=i>Ji4 1 a0^1-jliS:.i:na 
#^^->'J=]>B4 2©T^itt. *14^-Xffil^3 9 
ip+M^MSS i GeJ14 OCDS^gBCDjfi^TSt^tC 
im^n^o nS!^i^a'>U3>g4 1 afeJ;t;fnS^ 
^Si-> U 3 >« 4 2 ® U m^im 5X1018 

cm-^X$>^o ^nec0HJ?«, ^J^tiSOnmTib 
^:©BtOt»iliS:|g8 (a) Cl^To 

[0 15 5] mz. LPCVDj*€:;HliTJ|f^ 1 0 0 n 
m©BSGB4 3*Jt«$-arSo C1®BSG®43«. 
Sfb->'Ja>S3 8:rcltTfj:< n^#^fl->Un>a4 
1 aSrfeffi-5ck^»Cjg^$n-5. 
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[0 15 6] il©BSGS4 3 03t?a>^>fr»tt, 5~ 
1 2mo 1 %tTS®;&Wi '«O^SSfl^SgT« 1 
Omo 1 %i:-r^o ^ay^mM^^Smo 1 %^m<Dm 

ft<;^ci:-g)*^C)T$>-&o ft&:&. BSGIB4 Stt'tCl 2mo 

[0 15 7] $5,(3. n^ — >'(f$tltiy:thU'JXh 

(b) lC^TJ;5tC, gap 1 3 3(7)|*IfiiJ(C©i^(.BSGil 
4 3*^SS, ^:®l^©^*Si«:E8 (b) frS^T. 

[0 15 8] ^i^m^^x. 8 0 gx:ti 5^r^(Dmmm 

n^^^a>'>Jra>lil 1 atBSG»4 3i: 
©SMffi^rfM^T, BSG)14 3rt©3j^D>i&nS*^ 
S->U3>B4 1 afCtSM^-e-S. ^®J}^P>lfimfw<t 
OnM#i^^->Un>li4 1 ait^^m\Zp^m\zmt) 

0. ^«Mmtcp+s^^^^->'j3>^4 4d^'?^fi£$n 

p+S#i^a->'Ja>Jl4 4«^g|5'^-X«JStL 
Ti&f^-rS. nS*igS->iJn>g4 1 aCD7pD>©a 
A $ n;>^J n -> U 3 >^*^ ^ -5 X 5 

•y^'ffli^4 1 ii^c^o ^fc. ^nt|HlB#lc, nm^f^^ 
>''J3>J14 2t3fcBSG@4 3*>e)3j^D>*Si£« • ffi 
A^n. nS^igS->U3>»4 2<D^**:*tp%»c^ 
^^-S, P+S#i^^->Un>e4 5*?J^fig$ 

;iCDB#CDtt«8«a9 (a) lZ^-r^^\ZU^, 
[0 15 9] J^(c:, BSGB4 3$rVX^i:L/T. n" 
SJ->>Ja> • Xtf37^->^;Hi3(Cj«$rii#?W{C'f :t> 
aAL. n-^->Un> • xtfiS':^>'-v;i')B3rt©*'tt 

Ui'^'^iJ^l 6$rJgfiE-rs. ^:©«^©-f;t->ffiA®* 
«»J^«. mmx.^)V^—2 0 0 k e V, K— X« 
4X10 12cm~2-e^^, 

[0 16 0] ^(D'i^, LPCVDfCj;0, S-fb->U:3> 

83 8t^nckogm-r-5x5'y5'®«t4 1, nm^- 

Xmm4 4. BSGH4 3(7)±tC^'ft:->iJ3>;i (gl^ 

K5-1'X-;/5^>^''(rJ;DX-y5^;N*«>^L. MO 1 3 30 

F«9gi5(DBSG»4 3®^®t<Z)i^flS?WtC3a-r. 

T> 09 (b) (3^-rj:p{r. mti^V zi>^r)f3i^m 

[0 16 1] m^X. LPCVDffi{Cj;0. Sibi^Un 

>g3 8±»csisi ©^®»rt)fc^T. 

fc#i^a->Un>M (HS^-ar-T) ^*«)2 5 0 nm©IP$ 

Vif77-C tS:^ttX>;/^>y{Cj;DA^' — >'(t;U, ^ 
9 (b) {C5^f<l:5tc. n+a#i^a->U=i>d^f,;f5:S 
XS-y^ . 3>5'^7 h4 8<£:Jgfi£-r-&. rOXS-y;?'- 
r]>^/7 h4 8CDJggB{S, -e«)T::^©X5-y:$'®^l 1 
i^teUTli***. nSB'<-X®«E4 4iBSGS4 3 



i:«^MLTO>;a:v>, z:cDi^®4ftli«, 09 (b) izm 

[0 16 2] -AiZ, mSlZm-r^OiZ. CVDfefCd; 

g!fk>''Jn>Bl QSrBSGPl 3±(C}gf«-r«)o 
;i©mft:>''J=I>8l 9H. X5>>:$' • H4 8 

^^:i^y^>ifiz^r,^ K^b->U a >S i 9 om^®0T 
fc:x5s/5'tt^2 0 a, X«@2 0b, nU'^rJ'tt 
«B2 0 c®«^ffl©MP 1 3 4, 1 3 5> 13 6?:JK^ 

[0 16 3] mmz. X/%-y^mzJ:.r,^ MP 1 3 4. 

1 3 5, 1 3 6 ^MVtzmit'y*) 3 >B 1 9 

^)V^^y^ L FS'-f x-y^>y(cJ;0^®T;U5X'J' 
A'&^S^A^' — Wkb. X5>y^S®2 0a. ^— X 
««l2 0b, 3^^^'«ffi2 0 c^rfg^rg-rs, X.=.y^ 
«ffi2 0a«, WP 1 3 4$r::^^LTX5•y^' • a>^i7 
h4 8tC^ML. Xtt®2 0b«. MP 13 5^^ 

vx-^—7.'ny-^i7h\0 2\z^m\y. ^^v^^mM 

2 0ctt, WP 1 3 6S:rf^LT=I^i'^ • n>^d7 h« 
[0 16 4] J!JiJ:COX@fCj;0. El 5 {C^t"^ 2 ^ifi}^ 

[0 16 5] ^<Dmm:f5mz^n\t. ^BM^m\zm^ 

[0 16 6] (^3IIJg?^ii) 

[^fi^] 01 0«, 2^^BJ®||3^MJ^!80¥^#:gM 
[0 16 7] HI 0O¥«#:^««, ^1*5J:0:||2© 

mmmmt.mmz. -^-x • xs ^/^'^^t^^-x • a u 

vX^*^*Jgfife$nfcvU a 1 0 0 ^it^TUi-g), 

Jioa^ 1 0 0 tt, 01 \Zmh-ftm 1 

[0 16 8] \ 0 cos®, ^wfn^xtr^'^^v 
■\';PB3o^®a. ^'ft;->ua>ji3 6Tat>nTt.i 
^^i:->U3»i3 6tctt, ^n$:MaT^issm?^<D 

'^-X • X5-yiS'fflMP 1 3 l*^J^fie$nTi50, 
MPl 3 l*^e)S#:i 0 0®^®5&t®tHLT(riS. P8P 
1 3 itt. mWl 0 0»Cjgfig$nfcr]Wi7i5'ffl^l 6fC 

^ rS'mJK 1 6 tt. ^{bv' 'J 3 >8 3 6 ^Mar-sM P 1 

3 l®a{i4>'il>JCteeLT*5D, nU-^iJ'ffi«i 6CD^ 
#:755MP 1 3 lF*gfC^^„ 

[0 16 9] ®?'fb->U3>»3 6©±{Ctt. p+S#i^ 



(16) 



2000-58555 



i^ffi-> U n >H 3 7 it^—X • n >^i7 M 0 2 ®— gp 
€rJ^eg-rS©-C, 1 3 1 ©jfi^{C©^R0B^P 1 3 

^, ^{b5>'J=l»13 6 0p+M^^^->Ua>ll3 7 

CO 1 7 0] K{k->'J3>M3 13 1 tftSl^ 

'Di:;S^J:3tc. p+^*^ga^Ua>B3 7 t^^tix 

K) , ^igffiv' U 3 >M 3 7 <7)«S;/t*tt^SoTV> 

[0 17 1] ^<t:->U33>»3 ecDiap 1 3 i®rtgB-e 

it. m^l 0 0©*®tcp+^*i^as i GegA^e,75: 
Xffi*g3 9«. MP 1 3 l*^^Rtt5Lfe«#:i 0 0O« 

it, ^<DTmi!>^^±im^-vGem&ms.\tm-<Dm&-:f 

±M\z\^f3^^xG e mm^^,^ {cM'>-r^M^2ft«yD 

[0 17 2] p+S*^as i G 6*^5.7^^*14'^-;^ 

9<D±.\z\ts nmwm^>'^)-=iy-i}M^ti^jL^y 

X«i^4 4i:, Xn M 0 2 ©— g|5Sr;^jTp 

+Sl^-|g^->U::]>B5 5 '^-7>3>iS'i' M 0 2 
roffico— g|5Sr;^=c-r p ^m^m^ S i C e g 5 O id^JgfiK 
^tlTli-So X5 'y^m^4 lit, MP 1 3 1 (D'P^iZ 

iii^^xaui'i'm^i Gizmu^jioiz^m^n, ^<d 
±m^^^^—xmm4 4\z^-oxm^tiT<^^^o xs 
y^mm4 i<D^mmmtissmmx\ ^^^-xmm4 
4<Dw-mmmtmmm^^X'$>^o n^^-xmi$L4 4 
it, ^<D±m^mmmi'^<DW-mmvi^t^-=>v^ms^ 

-> 'J n >« 5 5 «. ^CD{t«^J5<&B§^gJ^«t4^<;D¥ffi}^ 
iK2:Jt:3p+M*i^^S i Ge»5 0 (CJc^THSnT 

[0 17 3] X5-;/j5'^S^4 1 t^1.g|5^-X^it4 4 

•^tugfig^nxvi^, 7,m«4 4«. nm<Dm 
^iiv- u 3 >ji® j^jBgEtc p myFm^^mnmiz f-:/ 

4"'il^gP/&^X5 'yi$'mi^4 1 
[0 17 4] p+S#iigftS i Ge@5 0«, 



X®^3 9®JljZIgP±(Cteeb, MP 1 3 1 ©rtSMlc: 
^r^TMffiLTl^^o ;iCDp+^#Sg^S i GeH5 0 
CD)Sffi«*i4^-Xffli^3 9{CS«L. ^<Di1-ffiiJ®aM 
P 1 3 1 roF»3MlB(Clg«L. ■€-0±®«p+S#i^ffi-> 
'J a 3 7 (75MP 1 3 1 ±{r-&DtbLfcgB5i-OT®i: 
l*I#JMtcSttbTli-5)„ 
[0 17 5] p+^#iSa->>J:3>B5 p+ia^i^ 
ftGeS i@5 0 t^g|5^-X<S1^4 4®ratc6C«LT 
v^S, P+SJ#i!gffi->U n>ll 5 5 (DrnmLTcmMit^ 

^^-7.mi^4 4izmmi', 't(Dmmtp^m^f^^ 

S i Ge»5 0®rtffliJ®{C«ttL. -^-OiStS^aif -S 

[0 17 6] ^i-gi5'^-x^^4 4«, Mii^-T^mms 

->Ur]>B5 5€:^bTp+M#^as i Ge«5 OtC 
«^WtcSi^$n, $ p+S#igS->U 3 >B 3 7 
{c«met){c^^$nTi^^, *tt^-xm«3 9«, p 

+^^i^^S i Ge»5 0^:^^LTp+^^^a->'Jn> 
g3 7(C«^W(C»ig$nTV^^o 

[0 17 7] Mi^^-7,mi4L3 9izigtmr^p*m^i^ 

ffiSiGe»5 0t, ^1.gP^-X^iK4 4(CtgMT^p 
^mS'^^ -> 'J a >B 5 5 1 , ^^t;-> U :3 >B 3 6 ±cr) 
p+S!#iSa->'Jn>e3 7i:dt, '^-X • n>^'i7 h 

10 2 ^m^r^o 

[0 17 8] X5->^«^4 l(Z)±tC«, n^m^m^ 
iy^)ziyi)^(bti.^x.s.vSf • :2y'^ i7 h 4 ^iim^^n 
Tl^S. XSyi' • =i>3'i7 h4 80;£SBtt. X5>yiS' 
M«4 1 JC^teb. ■?-0DSSI5tt^{b->'J 3 >B 5 8 ©± 
{C?;itBLTl>-5<, i^gP^-7.M^4 4i:X5>;/^ • a> 
^i;h43 t.m\:zy U n >« 5 8 »r fflS nfcM*aic:«. 
B S GB 4 3 ®?<fci^ffliJSi: UTOK^bv' 'J n >H 4 
7 i)mfii.^nX^^^o BSG)143«, i?it;->u=i>B 
4 7 t^1-gP'<-X«^4 4 fcltT-;^C < , p %^*Sa-> 
U 3 >S 5 5 <i:^<b->'J 3 >B 5 8 tCfc«MLTt^-5. 
m<k->'J =1 >B4 7 it, X5 «>i5'M«4 1 <h^g|5'^-X 
ffii®4 4<hX5-y3' • 3>^'i7 h 4 8 (C^«LTV^-5o 

[0 1 7 9] ^'fbi>Ua>B5 8©±(c:«, X5 
3>37/7f>48^ffi5J:5 (cK^bi^ U :3 >a 1 9 1)^)^^ 
^nrv^s. K^b-><J3>B1 9o±tr«> xs-y^'ft 

ffi2 0a, '^-X«^2 0b. *5j;OJnl/;^^«@2 0 
c:*^*fgfig$nTl^-2>, X5>y^«ffi20att, X5>>'^ 
n>iS'i7 N4 8i:X5>>5'M*S4 1 ©ia±{rfi[BLTti 
■2)0 '^-xm®2 0b«, 3k^5'«a2 0 c*^^]Slri 
ffliJtC*5tiT'^-X • n>^^ h 1 0 2<DjtJ;{C{iBLT 

tis. zivi7^mm2o cit, :My^^mms<Dm.±.iz 

[0 18 0] XS«y5'«fii2 0 att, ffi?^b->'J:3>Bl 

9(CJ^Bg$tlfcMP 1 5 4€::n-LTX5 >y:$' • =3>i5'i7 
h4 8»CjgML., ^tlfCctoTXS^;/^ • n>^'i' h« 
«4 8 Sr:^M^T-e©T:^<Z»X5 ^y^'ffi«4 1 fC^aCWt 



(17) 
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[0 18 1] ^-Xmm2 0 hit. l?it:->'J3>Jll 9 

t^iti^u=i>m5 8^m&-r^ma i s sst^lt^ 

(D-f:^0^-X • 3>i5'i7 h 1 0 2 fcSML, -g-nfcj; 

oT'^-X • 3>iS'i7 h 1 0 2 ^:/M^T, • 
=l>^^^ h 1 0 2 <h^1.g|5'^-7>ffi^l 4 t^^LT, 

-7.mma i o if^icib-g>*tt^-7.®i^3 9(c«mw 

[0 18 2] nl/5'i5'«112 0 ctt, ^^t;->'J=3>/13 
6, 1 9 43j;?>'S'fb->'Jzi>H5 S^^Wil-rs^P 1 5 

L, -€-n{CJ;-DT3Ui'5' • 3>3'i7 l-m®5 tnUi' 
^«jiB 2 a Sr^LXn l^i^^'tBJ® 1 6 

[018 3] J^;L_hi5iBJL>tJ;5tc. *^bjcd^ 3 SIMf^ 

'^-xMi^s 9 ii^f\-m^-7.mi$.4 4 i*^^n^'np+ 

CO 1 8 4] Sfc. X5 y^m^A 1 
3 9C9p-n'\5^nS^fcttT;'ic<, X5-yr5'M«4 1 
<i:^1-ai5'^-Xffi«4 4 <D p - n *^:»^fc: fc^i^^aU^)- 

tt#ffiL;^d;l.^fcJ6, X5 ■yi5'^«4 l/5^^,^-Xffi^3 

9 i 4 4 (caA$ns«T/0^'iE?Li©S^^(c:J;-pT± 

[0 18 5] aKnpnSA*-f#-7h^> 

Ell 1~EI1 4tt. J!^^±C0^f£^Jt-3i^5g 

[0 1 8 6] s-r, ai 1 (a) «c^-r>''j=i>a^i 

0 0Srf^M-r«.= ^<73f^Si:^te«, 1212 (a) \Zm\^rz 

mi*JSJKS8oi|i«#^B®«'&t|Bii;x&2.fcj6. 

[0 18 7] m^^X. mil (b) »C^-rJ;'5»C, 

10 0 OSSfc, 10 0 nmcDiS'fkv'U rJ >S 3 6 

^mm-^. z. <Dm\:'> u 3 >^ 3 e <^*$ «, ^tt^^ 

-Xffii6^<DJP$CD (1/2) SS?i:-r^©75W^Lt^o 
-^®^fl:>'Un>g3 6®Ji(C, CVDr*$:ffll>TJP^ 
150~350nm (:iZXit2 5 0 nm) ®^a-> 
'Jrj>»3 7^ift«S-a-S. igt>T, -f:t>iiAfefcJ; 
0^^^v-U=i>g3 7{c;}?n>^»AL. ^<D»«S 
^P+^tc^S-rs, 'r;i->aA©^fr<hLT«. ^iS 
'J n >@ 3 7 *|§^&tt;'iti8a?oiPjix4^;i/^— 



i: L> U =1 >ll 3 7 ©T^^tJjSS*^*^ 1 X 1 0 

jgx:^;;!/^— 1 0 k e V, h*— 1 X 1 0 l^cm-^-e 

[0 18 8] C3LTp+Mi:/j:ofc^^ga->Un>-H 
3 7®±(c, A-^'-Mk^tlfc^^f hl/vX (0^ 

U a >S 3 7 C 5 LT. ^-X • 

n>5'i7 h 1 0 2 ^?^^-r'<#ffififf«cp+S#^a->U 

>» 3 7 ^mfo 

[0 18 9] ^{c. zioLx/-^^->'ff^nftp^m^ 

Mffi>'U3»S3 7<D±('. LPCVD5*S:fflViTJ?$ 
3 0 0 nm0^fb->U=l>H5 8^±i«-r-5, Z.<D^it 
v-U3>g5 8«, p%^^ffi->U3>g3 7i:-e:i 

75^e.saiLfcK{b>''j=i>»3 e^aioTv^s, 

[0 19 0] S<k;->U=3»i5 8©^®ic:. 7 

i7 1 hxmti^ U a >@ 5 8 «!: p+S#iSfl-> «J n >S 
3 7c7)S:^tth*^-fX>y5^>if<?rfTt\ 011 (b) iz 
Tn-TJz S^b U 3 >S 5 8 i: p v U 3 

>M 3 7 Sr«ii-r-2>MP 15 3 ^m^t^. 

[0 19 1] $€>{c, ^:^LTJ^figU;t^<b->U:3>® 

^M'fb->Un>B3 eSr-^x-y hX>;/^>i7'L, Xtfri' 
=^^>'r;i<'»3€:®fil$-ti-S» J:©':7x«y hX>vf">y« 

^:^f4T^s<7)T, ^^b>'U3>B3 6«^it;^r^ (T 
;^) fz»xf£<7ii^-^\^ (ir[.y3) \zhx.y^>^WfTi:> 

3 1 p+S#i^^-> U n >S 3 7 t^-fb-^ U 

a >e 5 8 PISS (Dmm^ o a^ < /=t 

0> p+S!^Ma->'J3>H3 7<i:^<b->'J3>B5 8 

js^'mpi 3 i(D±i,zi&mzitDm-rmvi (i^^t^^P^. ^ 

1 (b) {c^-To 

[0 19 2] )lK\Z. J^T<75=fc-5{CLT. p+^^igffiS 
i Ge*^e>/j:-5X14'^-XM^3 9i:p+M#^SS i 
Ge®50«:, 012 (a) t^f J; 5 CJgfiKT-S, 

[0 19 3] ^-r, ]lS?Wxtfi5' + ->^;i/figfi^^ffll,i 
T, T>H-XcDS i Ge^^BSri^Si^S$-a-S, ft 
#:WtCtt, LPCVDS, :^/Xy— XMBESfe. UHV 
/CVDtefd:t*SrfiefflT'#*. ^:;iT«UHV/C VD 

m^mmf^o «isa«6 o sr. s i 2 

H5;tfXgiia3 s c cm, G e H4;*fX^4 2 s c c mT 

[0 19 4] CWi^SfigSXSfCJcD, MP13 1j5^^ 
SttJ-r^n-S>'Un> • xtfiS'^r->^;i')i3©S®*^ 
^±;&»C7>h'-y<D#^ffiS i Ge^^'fiEfiL, ^dtc 
T>h*-7'0*iSas i GeB3 9 a*t}Kfig$tlS, ^ 
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ntmmiz. p+^^^ffiv-u=j>s3 7®ibp i 3 i 

^igas i Gens 0 a75^J^fig$ns. T>K-y*i^ 

as i GeBS 9 a(7)±®®^1.^g|5tT> 

S i Ge«5 0 aOTHttt. mu 1 0 1 OF«3M®)fi^ 

[0 19 5] T>h*-7'«*SaS i Ge»3 9 aiT 

>F-y#^as i Ge)l5 0 a(DGeffiS«, ««Jx« 
0%T^-2)<. Ctie.S i Ge»3 9 a t 5 0 aCDH 

[0 19 6]^l.iT, UHV/CVD^^fflliT. p + 
i Ge€:jlS?WfCi^^fiE«^ii:^o V- 
X:tf7.tLTCDS i 2H6:«fX8ga<i:GeH4:*fX8iESt 

LT«B2H6:^^^&«lffl-r-g>. ^JA«. X 

W&m*^6 0 5*C. y— X;<fXtLTWS i 2H6:tfX.i: 
GeH/^:ff7,tC 1 2:^:^®8it«*«^n^*n3 seem. 
2 seem. 0. 03 seem. ]f—\£>^:fJXiiLT 
a^B2H^^7. (10%\Z^W ®^*/it5 s c cmT* 

[0 19 7] T>K— ySiGeO 

Jl^tl^^fCp+MS i GeA^'figfi-rsWT. 7>h*- 
:/*^SS i Ge»3 9 a©±(Cp+^#^SS i Ge 

S3 9 hit^m^^n. ^ntmmtzT>\^-zf^f^^s 

1 GeH5 0 aCDnmzp^m^^^S i Ge)B5 0 b 
Am0i^n^o P+S^^as i GeS5 0 b®m 

tt, P8P 1 0 1 (Dmmmm(Di&mx'7> F-y^isas 

i GeB3 9 a tp+S#iSSiS i GeS3 9 bCD^tM 

[0 19 8] JiKCD^f^TT^a^fi£«$-ti-^Cli:(CJ; 
0. P+^#^as i Ge®3 9 b®Ge2iS{Cffl?4:/ 

cDi«S*n 0%*^e.0%^Tifi^Wtc^fb-r^J;5/cC-/ 
P>'r-f;i'i:-r^o ^fz. p+M#i^as i GeJi3 9 
bi:p+l!#^i^SS i GeB4 0 bOff^t/t^P XD-^ 
^r»«, ^tl^'tl^JX.«4 0 nm. 5X10 ^^cm'^T 
J:cDBt®^^ffi<£:^ 1 2 (a) tC^t". 
[0 19 9] -g-©^, 8 5 0*CT2 O^moym&mi:^ 
Ot. p+S!^iSffi->'J=l>a3 7j6^f>7>H-y#i© 
as i GeH5 0 a(C#D>75tfeS5[b. p+Sinc-So 

p SiGe«50a«p 
S i GeP5 0 bi-#:<i:;^j:-pT. 012 (b) {::^r 
.t^JC. p+M^i^as i GeB5 0*^J^fie;Sn-5. S 
fc. ^n<h[oIfl#»C, p+^^^SS i Ge»3 9 b*^e> 
T^K-T'^^as i GeB3 9 a'vCQ3}^D>©S£ti[;0^* 
fffcn, 7>K-:/*^as i Ge®3 9 afep+Si 



fi^o Z-oLT. mi 2 (b) {C^fJ;-5tC. ^#:*lp 
+^^^as i Ge*^e,^cSAtt/^-X®«3 9 7&«JKf!fe 

[0 2 0 01 UHV/CVDffifliO. *SM 

S.6 0 5^;. V-7.:yxS i 2H5 (:tfX»^t*3 see 
m) . K-lf>^^- ;tfXPH3i:LT. nS->'JP>^ 
Xl:f^=f v'-^'^l/fiKfi^-fr^. ^©igSifiKfitCiO. SI 

2 (b) tc^T.t'Sfc:. X<4'^-X«i«3 9c7)«®(ctt 
nS*^a->U3>«4 1 a;*^*J^fig^n. p+S!#iigS 
S i Gens OOF^MJCfanMiS-^ai/iJaXiS 2;^^ 

s#i^a-> u 3 >@ 5 2 ©mttt. ^ttt'^-xM«? 3 

9 t p+S#^S S i G e « 5 0 ©^MgBCDjg^TaVi 

^^a-> U P >M 5 2 <7) U >«Stt. 01J;^tiS!9 5X10 
l^em-^TfibS. ^n?>0«ff«, m«3 0nmT* 

^, z.(Dmoy^m^m 1 2 (b) jc^-To 

[0 2 0 1] LPCVDffi€:ffltiT;p$ 1 0 On 

m(DBSG®4 SSrift^SitS. ^lOB S G»4 3 «. 
^-ft U P >H 5 8 fc*ltT;^ < n -> U p >S 4 

1 aS:feSoJ:-5tCjgfi£$n-2)o 
[0 2 0 2] ;i®B SGa4 3C0z}^P>#**tt. 5~ 
1 2 mo 1 %<i:-rSG)j5W*L<. ;i«)*iSJ^figT« 1 
Omo 1 %i:TS. t)? P 5 m o 1 

^(^!^MSXSlc*5(t^3l^P>te«©5a^d^'{ST-r 

fi< «C -5)5^?. Tibs. BSG«4 3'4'{C1 2mo 

1 %*@x.S3KP>$'^*$-e-S;ii:«ffl8lTa&S*^e 

[0 2 0 3] A^->'(b$nfc7* M^i^T. h 

3 (a) (C^-rJ;^tC. MP 1 3 3©F*gfii](C<7).;!*-BSG 

m4 3^m^o :i<Dmcovimt:mi 3 (a) ic^-To 

[0 2 0 4] ?|#^ViT. 8 0 0*C-ei 5 5i-FBl©,^^!!lS 
SrfrtV nS*i^a->'j3>M4 1 atBSGB4 3 t 

S->UP»i4 1 atCttmS-SSo z:cD7t^P>J£m»CJ; 
0 nS#SSa-> U P >B 4 1 a it^^mz ^^MiZ^t) 

0 . -^-oumtc p ^mmm^i^ u p >b 4 4 am^Sc^ n 

^. P+^*^S->UP>«4 4«^1.g|5^-Xffii^tL 

nM^^a->'JP>a4 1 aO7}^P>09a 
A^n/j:l^g|5^i-tt. nM#i^a->U P>B*^e.n£-5xs 
•;'^'«*^4 1 t;i5:?>. *fc, tntmm\z. nS#i^a 
v"JP>«5 2(C*jBSG»4 3A^e,7i^P>*^'iiftir • a 
A^n. n^^^ft->'JP>S5 2CD±*^;(»tp+S{c^ 
« . ^OiS*. P ■'"S^i^ffl -> ij P >P 5 5 ^ 
n-5. c:oBt©t>iSi«0l 3 (b) JC^TJ:'5Jc;5:S. 

[0 2 0 5]^(C. BSG)B4 3$:VXi7i:LT. n" 
^->'JP>- Xfcfi5'=^^>'^>/PB3(Cj^^:iiS?e<j(c:-f ;t> 
aAL. n-M>"JP> • xfcf^':^^v'-\';i/B3l*qoJH4 
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wa> spjix^ji/^-2ookev. Y-xm 

4X1 o'^cm'^Tf^s. 

[0 2 0 6] ^(D'ik. LPCVDfCiO, ^'ft;->U3> 
XM«4 4, BSG»4 3(7)±{C^^h:->Un>® (Mm 
K5-rx>;/5^>i/iCj;DX>y?/\'-yi7L, IIP 1 5 3© 

[0 2 0 7]^ViT, LPCVDStCcfcO, g-ftvUn 
>«5 8Ji(ca«l<7)^®{C^5fcoT> <^:«tK-y$n 
/i^^gSvU ^ >H ^*t)2 5 0 nm©P$ 

\zmmt^o ^G)^, ■5-0^i^a->UrJ>B«r:7:t hU 

14 (a) \Z7p.t^o\Z. n+S#^a->U3>35^^,;^j: 
SX5>y^ • 3>^'i^ h4 8S:}g^-rS, ZL<DX.=.y$' 
• zi^rS^ir h4 8®j£gP«. •?-©T:5^®X5 y ^'^^ 1 
1 t^MLTli^*^. na5^-Xffi^4 4i:B SG«4 
3<h«^MLTI/^?^£Vi, :icOPtcr)4^fi«. 12114 (a) 

[0 2 0 8] '^\Z. miO\Zm'r^o\Z. CVDffiJCj; 
0, S?<Lv'U=i>Bl 9^BSGB4 3±(CJgfig-rSo 
Z.<Dmti^*J 3 >B 1 9 «, X5 >y ^' • n >^';^ h 4 8 

5'fX-75^>y(Cj;l5. ^Ik->>j3>gl 9Cr)RjT«®R)T 

{cx5-y^iiffi2 0 a, ^—xnmz 0 uv^-Sfm 

@2 Oc©^gcfflOMPl 5 4, 1 5 5, 1 5 6 «rjgfi£ 

[0 2 0 9] XA°>v^'fe{C<J;0, MP 1 5 4. 

1 5 5, 1 5 6^fl^BgLfc^<t;->U=J>jll 9©^®tC 

^y^Jifyy^ tV^^x.^y=f->^\z^^^<D7)V^-^ 
A-^^S^/t^S'-MtL, x5-yi5'fl;ffi2 0 a, ^— X 
«®2 0b, ziUi'iS'«®2 0 c^Jgfig-T'g.o X5-y^ 
tt@2 0a«. MP 1 5 4^^bTX5-y^' • n>:$'i^ 
h 4 8 tC^fitb. '^-XftlS 2 0 b tt, MP 1 5 5 
LT'^— X • =]>iS';^ h 1 0 2{C^ML., :3U^^mm 

2 0c«, mai 5 6?:fyhXziUi^^ ■ a>^f^ hm. 
i®5(C^MbTtiSo 

[0 2 10] £^±OIgfCj;0, Ell OJCS-r^SHJg 

[0 2 11] z<Dmm:^m\z^n\i, ^^m-^mizm^s. 
[0 2 12] ±mi'rzf^i-m3(Dmm^mx'it. A-r 



mm=^^/vrzBSGmi,znA.x, !l^<£#^;^t'>'*x:7^ 

• i'U'Ir— I- • :*f^X (PHOSPHO-SILICATE GLASS, P S 

G) ^mm-rtnt^^.\ 

[0 2 1 3] x.i'y^mmt9\-^^-xmi^^mi^-t^ 
mf^^^mi^mon^^-xmmiznit^-r^mmzyfm 
m^mx-r^nmizit. ±mi^rzm i 3 oussj^si 
xmrnLrz^cDizm^^nT. ^n?.moftjt©7?^ 

[0 2 14] 

[^gB©^«] &.±m.m Lfca 0 , *^i«©i|^^^*^^« 

*3=t?>'^©Mig;^^fetCcfcn«, -^-xffita©®Mt»^ 

#»©<g;M*llB#lC)t^T?#^'\7^PS-&A*'f h 

7 >i^7.^^m^rz^mi^mmf}mibn^o 

[0 2 15] eaW4#tt*|S]±$-&fe'v5^n«^ 

/NW #-7 h y >>f7.^=s:m^rz^mi$'mmiim'^ti 

[SM©W*:^cIKBj] 

m 1 ] *58^©m 1 mmmmoy^mi^mm^^rm^ 

w-mmt^o^A-Amzm^rzU^mmmx^^o 
m 2 ] :^mm<Df^ 1 ^Mj^sg©¥«f*:sa©»!ji:)&ffi 

[H3] t^^m(of^im:mmm<D¥^mi^mm<Dmm:^i& 

(Dxm^Tji-r^^mmmx. Ei2©xs©^#Tfe^„ 
[0 4 ] i^mmm 1 iiig}^^©¥«^»s©S!ii:^fe 

[0 5] *fgHJ©^2SIJSJ^S8©*^#:^e*^-rS|5^i- 

mmmx$)^, 

[06] *58Bj©^2^jgjK^©*^#^s«©«aja;^s 
[07] ifmm^2mm^m(D^m\^mm<nmm-)5m 

©XS<?:^Tgl5^WM0T-, 0 6©S§|#T$.-5o 

[08] 2^^HJcD^2^Sg?^,«©¥JS*ti^«©®!ig;^ffi 
OXS**-rgP5J-»fS0T, 0 7 ©j^^Tfe^o 

[0 9] i^^m(r>^2mMmm<Dii^m^mm(Dmm-^m 
(DTM^m-^^^mmmx. m^(Dm^xh^. 

[010] 2^»B^©m3IISS?gffi©¥«#:Sa^S^THIi 
^J-»f®0T*-5, 
[011] *5gBJ©m3||MJgJi©^is^«cSB®iS!jg^ 

^©xiss-s^-rgp^a-w M0T* -So 

[012] *^Bj©||3IISSfg^.©¥«#:Sa©Mig;^ 
^©XSSr^TfK^WMST, 0 1 1 ©i^#Ta&*. 

[013] *^Bj©^3*JgJgS8©¥^#:$|«©®jt:3^ 
ffi©XgS:^-rg|55i-i^H0T, 012©M^-eS-5o 

[014] *f8s^©m 3 JI*gJ^Si©¥^#:^B©Mig;& 
^fe©XSS:S^fgB4J'»fffi0-r, 01 3©i^#T?a&S. 

[015] SE*©*«#:^«^^-rai55J-Sff®0T*S. 

(0161 tie*©fl!i©¥^#:^fiS:*-rg|5^}'«lr®0Ta& 
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1 ->'J3>S« 

2 a ::iVi/^m)iM 

2 b '^^^)l-7.hyn 

3 Xtfi$'^->^;i.S 

4 ^mmm 

5 • 3>^i7 

6 ^{b->U3>ji 

9 JEtt'^-XlS«E 

10 p+S#i^aSiGeB 
1 1 x5-yi5'ffi« 

13 BSGM 

14 p+a*^av''Jn>S 

1 5 p+S#^Si->'J3>B 

16 3lxi7iS'M« 

17 K<bv"J3>a 

18 xs-y^ • :3>5'i^ 

19 B SGB 

2 0a J:.S.y^mM 
2 0b ^— 

[^2] 



(B2) 




2 0c Zi\y^*f9M 

3 6 ^{t:v-u=i»i 

3 7 p+^^^ft->'Jn>a 
3 8 ^Yt->'j3>li 
3 9 *14^-X«« 
3 9a ^1 ^tt'^-XH 

3 9b ^2*1t'<-xa 

4 0 p+S^igaae S i» 
4 1 X5>;/^MJS 

4 3 BSGB 

4 4 p+^*^S->'Ja>» 

4 5 p+S!i5.i^Si>U 

4 7 ^|bf>U=3>« 
48 • n>5^^ 

5 0 p+M^*S^Ge S i« 
5 5 p+^^Jgffif/Ua>M 
5 8 ^iti^ ^Jz}>m 
100 i/Un>»#: 

10 1 MP 

102 ^— X • Zi>i$7i7 h 

1 0 3, 1 0 4, 1 0 5> 1 0 6 ma 

1 3 1, 1 3 3> 1 3 4. 1 3 5. 1 3 6 mu 
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[01] 



m4] 




'■Hr^r 2 




100 



5 2a 3 



9 / ^ (b) I 



1 

2 a 
2 b 
3 
4 
6 
6 
7 
9 

1 0 



100 102^0. 

h^^V-^ 6" 

2c- 



101 




1 3 : BSG)S ^4. . ^ <-j 

1 5 : p+S!^ftiii^y=i>'« Uo. 
1 7 :SWbvy n^'S , j 

20a. 20b^ 20c : 
10 2: X - 3 >9 h 




[07] 



100 





■ ^ ■ ■ 36 



KOO 




100 



131 ^^40b 40b^J^3 
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[EI5] 



ms] 



(S5) 



36 




1 

2 a 
2b 
3 
4 
5 

1 9 
20 a 

3 6 : 
3 7 : 
38 ; 

3 9 : 

4 0 : 
4 1 : 
4 3 : 
4 4 : 
4 5 : 
4 7 : 
4 8 : 
10 2 



> 20 20 c zWm 
BSGJi 



100 



(01 0) 



[^1 0] 



154 1 
2.0a 43>- 



(B9) 
(a) 



43 4? 133^^37 





100 



(b> 



4? 

43 47^^47 r;33 




^ 131 41 39 



1 r-^-ya^^S^ 

2 a : 3 V^^'«5iJS 

2 b : ^-y^A--;^ hy/<ja 

3 : rcli'^^V-^-^® 

4 :5^fff&lf» 

5 : 3l^^i5r • ^av^:?'^ 
19: ttft'VyaV® 
20a« 20b. 20 0 :m 
3 6 iWtitUDzil^m 

3 7 : p+®^i©ia->y 

3 9 : ^tt-c-l^ffiJ* 

4 1 : y^WR 
4 3 ; BSC® 

4 4 : p+s!¥te«av-y='>'ia 

4 7 rSMbJ^ya^-JB 

4 8 : ai^ • a^^^ K 

5 0 : p-'^Si^l^SGeS i JB 
GS : p^m^Ai^V^Z^m 

10 2: ■ ^^^9 y 
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[011] [012] 
(011) (BI12) 




mi 3] 



(013) [014] 

(a) 
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[016] [017] 




